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sidewalk,” the easiest item was “getting into or out of a car,” and no items misfit. The ABC
scale had high person reliability (0.93), despite 10.5% of individuals misfitting the expected
response pattern. Mean ability level of the sample was slightly lower (—0.56 logits) than the
mean item difficulty indicating that the ABC scale adequately matched our sample’s balance
confidence. The ABC scale did not have a floor or ceiling effect and separated individuals into
5 statistically distinct strata (separation index=3.71).

Conclusions: The Rasch model supports the use of the ABC scale to measure balance confi-
dence in individuals poststroke. The consistency of our results with previous Rasch analyses
on the ABC scale demonstrates the instrument responds similarly across multiple populations;
community-dwelling older-adults, outpatient orthopedic physical therapy, stroke, Parkinson
disease, and lower-limb amputation. Recommendations include collapsing the rating scale
and developing a computerized-adaptive test version of the scale to enhance clinical utility.
Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Individuals poststroke are at high risk for devastating con-
sequences from falls including increased health care use
and fracture rate’? with approximately 3 of 4 individuals
falling during the first 6 months back at home and up to one
quarter experiencing recurrent falls.>* Because falls are
associated with fear of falling and balance confidence,’
measurement of an individual’s confidence in their bal-
ance is an important component of clinical practice for
physical therapists in stroke rehabilitation. The Activities-
specific Balance Confidence (ABC) scale was designed to
measure balance confidence and takes approximately 20
minutes to complete.® Individuals rate their confidence
that they "will not lose their balance or become unsteady”
when performing each daily task (item) on the scale from
0% (low confidence) to 100% (high confidence). A total score
is calculated by averaging scores from all 16 items.

The ABC scale is widely used in stroke rehabilitation” and
has psychometric evidence to support its use for quanti-
fying balance confidence in stroke survivors.® '* Total
scores on the ABC scale have concurrent validity with
measures used to assess activity and participation domains
of the International Classification of Functioning, Disability
and Health including the Berg Balance Scale,” " walking
speed,®'®'%13 Timed Up and Go,'®'%>"® 6-minute walk
test,’®'? Barthel Index,'® Lower Extremity Fugl-Meyer
Assessment,”’ 5-time sit-to-stand test,’’ modified Riv-
ermead Mobility Index,® and physical function scale of the
Medical Outcomes Study 36-ltem Short-Form Health Sur-
vey.''? The ABC scale also has strong internal consis-
tency,'® strong test-retest reliability for the scale’s total
score (intraclass correlation coefficient=0.85,° 0.82'%),
and moderate to strong test-retest reliability at the item
level (intraclass correlation coefficient=0.53-0.93).° Most
of the individuals poststroke score between 20% and 80%
suggesting there is not a floor or ceiling effect and standard
error of measurement has been reported between 6.81°
and 5.05."° Cutoff values for distinguishing between in-
dividuals with a history of multiple falls and no falls after
suffering a stroke has been reported as 81.1% and 63.75,"
where lower confidence is associated with more falls.

However, no studies have examined measurement
characteristics of the ABC scale for stoke survivors using
item response theory psychometric methods, like Rasch

analysis. Rasch analysis takes advantage of probabilistic
mathematical modeling to examine a measurement tool’s
ability to quantify abstract constructs in a meaningful way.
This is accomplished by assuming the probability of suc-
cessfully passing an item is dependent on the relation be-
tween a person’s ability and item difficulty. Results from a
Rasch model order a measure, so scores can be interpreted
linearly with set interval distances.' Often, Rasch analysis
identifies items that overlap in measurement properties
and can be used to develop short forms or computerized-
adaptive tests to reduce the time required to administer
an instrument.'®

Previous studies examined the ABC scale with Rasch
analysis in different populations: Arnadottir et al (commu-
nity-dwelling older adults),"” Sakakibara et al (lower-limb
amputees),'® Franchignoni et al (Parkinson disease),’® and
Wang et al (outpatient physical therapy).?’ These studies
found similar psychometrics for the ABC scale indicating
that Rasch methods may support the comparison and use of
the scale across patient populations, which is recom-
mended for physical therapists in neurologic physical
therapy practice by the Academy of Neurologic Physical
Therapy (ANPT).?

Therefore, the purpose of this study is to examine the
ABC scale using Rasch analysis for individuals poststroke.
We hypothesize the ABC scale will fit the Rasch model for
these individuals similarly to other populations. Results
from this analysis will provide support for comparison and
use of the ABC scale across populations as recommended by
the ANPT.

Methods
Data source

This study is a secondary analysis of data from 406 in-
dividuals poststroke who participated in the Locomotor
Experience Applied Post-Stroke (LEAPS) phase 3, multisite,
randomized controlled clinical trial.?* The Institutional
Review Board approval of this secondary analysis was not
required because data were free of identifiers. Included
individuals had a stroke and (1) were older than 18 years;


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Rasch analysis of the ABC scale

(2) were able to ambulate a minimum of 10 ft with
maximum 1-person assist; (3) had a self-selected walking
speed <0.8 m/s; and (4) were living in the community.?
Individuals were excluded who had (1) additional neuro-
logic pathology and comorbidities; (2) severe pain, ampu-
tation, or orthopedic conditions limiting ambulation; or (3)
severe cardiovascular comorbidities that would prevent
participation in high-intensity exercise.”> Demographic
data for the trial were collected during an enrollment
window (within 30d of diagnosis).2> We analyzed ABC scale
data collected at approximately 2 months poststroke
(baseline assessment). Summary demographic data were
analyzed with SAS version 9.4° and presented in table 1.

Rasch analysis

Rasch analysis of the ABC scale was done with Winsteps
version 3.93.1.° Tests of unidimensionality and local
dependence were performed in Mplus version 7.4.¢

Rating-scale structure

Appropriateness of the rating scale structure was deter-
mined based on Linacre’s 3 rating-scale criteria’*: (1) each
rating-scale category has a minimum of 10 observations; (2)
average measures within each category advance mono-
tonically (ie, demonstrate increasing observed item diffi-
culty with increasing category value); and (3) outfit mean-
squares are <2. Category probability curves were examined
to see if categories of the rating scale had distinct peaks
(indicating each category of the rating scale is the most
probable response for a given portion of the measure).'”
The rating scale was collapsed for further analysis if it did
not meet designated criteria.

Unidimensionality

An assumption of the Rasch model is that the measure is
unidimensional. A confirmatory factor analysis (CFA) with 1
factor was performed on a random sample from our data
(n=203) to assess unidimensionality. Model fit from the CFA
was evaluated against recommendations from Reeve
et al®®: (1) comparative fit index>0.95; (2) root mean
square error approximation<0.06; (3) Tucker-Lewis
Index>0.95; and (4) standardized root mean residuals
<0.08. If model fit was poor, an exploratory factor analysis
(EFA) was done on another random sample (n=203) to
determine additional factors. Additional factors from EFA
were evaluated on model fit (Reeve’s recommendations??),
eigenvalue ratio (>4 indicates sufficient unidimensional-
ity), visualization of the scree plot, and clinical
interpretation.

Local dependence

Local independence assumes no significant associations
among items responses when controlling for the dominant
factor of the measure.”” A residual correlation matrix from
the CFA was used to identify dependent item pairs. Residual
item correlations >0.2 or <—0.2 were considered locally
dependent.?®

Table 1  Participant demographics
N=406

Demographic Characteristics

Totals
45.06 (23.88)

ABC Score (2mo poststroke)

Age 61.97 (12.76)
Sex
Male 54.93
Female 45.07
Race
American Indian 1.23
Asian 13.3
Black or African American 22.17
White 57.64
Native Hawaiian 4.68
>1 race 0.74
Unknown 0.25
Hispanic or Latino 15.52
Stroke type
Ischemic 80.05
Hemorrhagic 18.72
Uncertain 1.23
Stroke location
Right hemisphere 48.03
Left hemisphere 35.22
Brainstem 62
Bilateral hemispheres 6

NOTE. Continuous variables are presented in mean + SD; cat-
egorical variables are presented as a percentage.

Item and person fit

Items or individuals were classified as misfitting if fit sta-
tistics had mean-square standardized residuals >1.4 and
standardized z scores >2.%42%¢

Item difficulty hierarchy

Item difficulty was used to evaluate theoretical construct
validity of the ABC scale. The Rasch model assigns item
difficulty and person ability measures to a logit scale.
Items that are easier or persons with lower ability are
assigned lower values, and items with higher difficulty or
persons with high ability are assigned higher values. Item
measure estimates were used to determine if items
overlapped. Items were considered overlapping if the
item’s measure estimate was within 2 standard errors of
another item.

Person-item match

Observation of the person-item map was used to evaluate
for floor (within error of worst possible outcome [raw score
0/100]) and ceiling effects (within error of best possible
outcome [raw score 100/100]). We considered the ABC
scale to have a floor or ceiling effect if >15% of individuals
scored the worst or best possible outcomes.?’
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Table 2 Rating-scale structure

Score Observed Average Infit Outfit Frequency Counts (%)

Mean-Square Mean-Square

0 (no confidence) —2.72 1.06 1.07 1521 (23)

1 (low confidence) —1.32 0.90 0.84 1352 (21)

2 (moderate confidence) —-0.20 0.85 0.78 1594 (25)

3 (high confidence) 0.95 0.91 0.92 1400 (22)

4 (complete confidence) 2.25 1.40 1.33 629 (10)

Separation index

The person separation index was used to evaluate the ABC
scale’s ability to differentiate people into statistically
distinct strata. The number of strata was determined from
the following formula®:

Strata = [4 x (person separationindex)+1]/3

Results
Rating-scale structure

We initially analyzed the data using a 101-category (0%-
100%) rating scale. Only a few rating-scale categories had
>10 observations. No outfit mean-squares values exceeded
2.0; however, there were disordered rating-scale esti-
mates. Collectively, this demonstrates that rating-scale
categories were underused, and the ABC scale was not
adequately fitting the Rasch model. Therefore, we tested a
collapsed 5-category rating scale based on previous publi-
cations (0%-9%, 10%-30%, 31%-60%, 61%-90%, 91%-100%)."%2°
The new rating scale had >10 observations per category,
demonstrated appropriate rating-scale estimates of
increasing ability level (rating-scale categories advanced
monotonically), and no category exceeded the outfit mean
square threshold of 2. The rating-scale structure results are
presented in table 2.

Unidimensionality

CFA using the collapsed rating scale returned the following
fit statistics: (1) comparative fit index 0.95 (>0.95 indicates
good fit); (2) root mean square error approximation 0.15
(<0.06 indicates good fit); (3) Tucker-Lewis Index 0.95
(>0.95 indicates good fit); and (4) standardized root mean
residuals 0.09 (<0.08 indicates good fit).

EFA returned 2 factors with eigenvalues >1.0 and the
following fit statistics for a 2 factor model: (1) comparative
fit index 0.96 (>0.95 indicates good fit); (2) root mean
square error approximation 0.14 (<0.06 indicates good fit);
(3) Tucker-Lewis Index 0.95 (>0.95 indicates good fit); and
(4) standardized root mean residuals 0.05 (<0.08 indicates
good fit). Eigenvalues for the first 2 factors were 10.17 and
1.41, respectfully. The second factor included the following
items: “stand on your tiptoes and reach for something
above your head,” “stand on a chair and reach for some-
thing,” “sweep the floor,” "walk in a crowded mall where

” ee

people rapidly walk past you,” "are bumped into by people
as you walk through the mall,” “step onto or off an esca-
lator while you are holding onto a railing,” “step onto or off
an escalator while holding onto parcels such that you
cannot hold onto the railing,” “walk outside on icy side-
walks.” The ratio of eigenvalues for the first and second
factors is 7:21, and visual interpretation of the scree plot
favors accepting only 1 factor. Although all criteria were
not met, the results of the factor analysis support that the
ABC scale adequately meets the assumption of
unidimensionality.

Local dependence

Three item pairs were found to have local dependence: (1)
“walk outside on icy sidewalks”—"walk outside the house to
a car parked in the driveway” (r= —0.23); (2) "walk outside
the house to a car parked in the driveway”—"step onto or
off an escalator while holding onto parcels such that you
cannot hold onto the railing” (r=-0.25); and (3) "walk
outside on icy sidewalks”—"reach for a small can off a shelf
at eye level” (r=-0.21).

Item and person fit

No items misfit the Rasch model. The findings related to
item fit are reported in table 3. Forty-three individuals
(10.6%) responses did not fit with the Rasch model (mean-
square standardized residuals >1.4 and standardized z
scores >2 of fit statistics.?*?°). We found nearly identical
results from the Rasch analysis when misfitting persons
were removed. Therefore, we are reporting findings for the
whole sample because (1) individuals included in the sam-
ple are largely representative of community-dwelling
stroke survivors and (2) the ABC scale is designed and
advocated to be broadly applicable for this patient popu-
lation. The ABC had high person reliability (0.93) and
Cronbach alpha (0.95).

Item difficulty and person-item match

The results of the item difficulty analysis are presented in
table 3 and visually displayed using a person-item mapinfig 1.
The hardest item was “walking outside on icy sidewalks,”
while the easiest item was “getting into or out of a car.”
The person-item map in fig 1 shows the distribution of (1)
people based on ability (left: low ability, bottom; high
ability, top) and (2) item difficulty (right: easy, bottom;
hard, top). The range of the distribution was 11 logits with



Table 3 Item measure order

Iltem Item Number  Measure  Model Infit Infit z Score  Outfit Outfit z Score Point Measure
Standard Error  Mean-Square Mean-Square Correlation

“Walk outside on icy sidewalks” 16 1.98 0.08 0.96 -0.4 0.94 -0.4 0.67

“Stand on chair and reach for 6 1.79 0.08 1.29 3.4 1.10 0.8 0.65
something”

“Step onto or off an escalator while 15 1.45 0.07 1.00 0.0 0.93 —0.6 0.71
holding onto parcels such that you
cannot hold onto the railing”

“Are bumped into by people as you walk 13 0.49 0.07 0.73 —4.2 0.69 —4.1 0.80
through the mall”

“Stand on your tip toes and reach for 5 0.43 0.07 1.04 0.6 1.02 0.3 0.74
something above your head”

“Sweep the floor” 7 0.36 0.07 1.35 4.5 1.31 3.4 0.71

“Step onto or off an escalator while you 14 0.11 0.07 1.05 0.7 0.98 -0.2 0.76
are holding onto a railing”

“Walk in a crowded mall where people 12 —0.04 0.07 0.65 —-5.7 0.62 -5.6 0.82
rapidly walk past you”

“Walk up or down stairs” 2 —0.11 0.07 1.03 0.5 1.02 0.2 0.75

“Bend over and pick up a slipper from 3 —0.27 0.07 1.01 0.1 0.97 -0.4 0.76
the front of a closet floor”

“Walk up or down a ramp” 11 —0.44 0.07 0.81 -2.9 0.76 -3.4 0.80

“Walk across a parking lot to the mall” 10 —0.51 0.07 0.88 -1.8 0.82 -2.4 0.80

“Walk outside the house to a car parked 8 —1.11 0.07 0.88 —-1.7 0.84 -2.1 0.80
in the driveway”

“Walk around the house” 1 —-1.22 0.07 1.03 0.4 1.02 0.3 0.73

“Reach for a small can off a shelf at eye 4 —-1.35 0.07 1.23 3.0 1.26 3.0 0.73
level”

“Get into or out of a car” 9 —1.56 0.07 1.21 2.8 1.14 1.7 0.71

31e2s Hgy 2y Jo sisAjeue yosey
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<More> | <Rare>

2 : +T  Walk on icy sidewalks
Mt Stand on a chair and reach for something
Hit#
AL Step onto/off an escalator without a rail
i S

fezatess
s Bumped while walking | Stand tip toes/reach overhead | Sweep
Rizeciod Step onto/off an escalator with a rail
0 B +M Walk in a crowded mall
B Pick up slipper | Walk up/down stairs
AL Walk up/down a ramp
AR M Walk across the parking lot to the mall
AL
-1 bbb +S
B Walk around the house | Walk to car outside
R Reach for an item at eye level
b Get in and out of a car

-2 fizzzd +T
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##
-3
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-6 # +
<Less> <Freqg>

M = mean

S = 1 standard of deviation from the mean
T = tertile

# = 3 individuals

. =1 individual

Fig1 Person-item map. Abbreviations: Bumped while walking, Are bumped into as you walk in a mall; Pick up a slipper, Pick up a
slipper from the floor; Stand tip toes/reach overhead, Stand on tip toes and reach overhead; Walk to car outside, Walk outside to a
car in the driveway.
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the mean ability of our sample (—0.58 SE 0.38) below the
mean difficulty of the items (anchored at 0) indicating the
model adequately matched our participants’ confidence.
We did not have a ceiling effect (no individuals had a
maximum score) and observed negligible floor effects (4
individuals had a minimum score [0.9%]). In addition to the
overlapping items in fig 1, we found occurrences where
item measures were within 2 standard errors of another
item indicating several items have overlapping difficulty.
Item measures and standard errors are presented in table 3.

Separation index

The ABC scale differentiated individuals in our sample into
5.28 statistically distinct strata (separation index=3.71).

Discussion

This is the first study to examine ABC scale psychometrics
using Rasch analysis for individuals poststroke. We found
the Rasch model strongly supports the use of the ABC scale
to measure balance confidence in these individuals. Like
previous studies,'®?° we found the scale fits the Rasch
model better using a collapsed 5-category rating scale.
Collapsing the rating scale corrected its disorder and pre-
vented item misfit. Additionally, we found the ABC scale
was adequately unidimensional to meet the necessary
assumption for Rasch analysis. Although EFA suggested a
second factor, we do not feel that it is warranted provided
(1) the improvement in model fit is minimal, (2) the
eigenvalue ratio for the first and second factors greatly
exceeds the recommended value of 4, and (3) visualization
of the scree plot confirms 1 dominant factor. Also, there is
no clinical rationale to support items grouped in the second
factor except for the fact they are the more difficult items
on the scale. Therefore, there is not enough evidence that
unidimensionality is violated, which is consistent with
previous publications.”” "2 Qur analysis of local depen-
dence identified 3 item pairs with residual correlations
>0.2 magnitude. One recommendation is to remove items
with high dependence when performing Rasch analysis
because item dependence can be a threat to unidimen-
sionality.”> However, there is a discrepancy as to what
magnitude of association constitutes removing items.'?-?>
Therefore, we reported results with all items under the
caveat that effects of local dependence should be closely
evaluated when translating the ABC scale into a
computerized-adaptive test because item pairs with local
dependence may need to be identified as “enemies.”?’
We found other similarities and only minor differences in
the ABC scale’s psychometrics for individuals poststroke
compared to other populations. We report a separation
index (3.71) for the ABC scale indicating that the scale
separated our sample into 5.28 statistically distinct strata
based on balance confidence, similar to previous publica-
tions (5.2,%° 4'7). Other congruent psychometrics include
high Cronbach alphas (0.94," 0.95," 0.93,%° 0.95 in our
study) and no floor or ceiling effects.”””'®2° The range of
the scale in our model was 11 logits (—6 to 5), which was
comparable to other publications.'””?° The three items
*walk outside on an icy sidewalk,” “standing on a chair and

reaching for something,” and "step onto or off an escalator
while holding onto parcels such that you cannot hold onto
the railing” are consistently (with the exception of order)
the 3 most difficult items.'””?° However, there is more
variability in item difficulty for easy items. We found the
item “getting into or out of a car” to be the easiest item,
which is comparable with 2 publications where this item
was the second easiest.'®?? Yet, in other publications, this
item was considered moderately difficult and fell close to
the center of the scale.'”"?

A component of validating measurement scales derived
from Rasch analysis is to determine whether the item hi-
erarchy is consistent with clinical and theoretical expec-
tations.'® The item hierarchy in table 3 and fig 1 shows item
difficulty progress from discrete stable tasks (ie, reaching
and transferring) to stable walking to walking tasks in
conditions of increasing instability. Thus, item hierarchy is
consistent with clinical and theoretical expectations for
individuals poststroke and more broadly, individuals with
balance impairments.

Therefore, we can conclude that the ABC scale responds
similarly for individuals poststroke and other populations
including community-dwelling older adults, outpatient or-
thopedic physical therapy participants, individuals with
lower limb amputation, and individuals with Parkinson
disease. As a result, clinicians or researchers interested in
measuring balance confidence for these clinical populations
do not need to develop diagnosis specific versions of the
instrument and can compare scores between patient
groups. The ABC scale’s ability to respond similarly across a
variety of patient populations supports recent recommen-
dations by the ANPT for the scale to be included in a core
set of outcome measures in the rehabilitation of adults with
neurologic diagnoses’' and allows one to hypothesize that
the instrument may be “diagnosis free.”

Implications for future research and practice

We present 2 recommendations for future research and
practice to facilitate the clinical adoption of the ABC scale.
First, we recommend implementing a 5-category rating
scale (“no confidence” [0], “low confidence” [1], “moder-
ate confidence” [2], “high confidence” [3], “complete
confidence” [4])."® Second, we recommend reducing the
number of items by creating short forms and computerized-
adaptive tests of the ABC scale based on the Rasch model.
Although 3 short forms exist for the ABC scale,””' they
were not developed from a Rasch model and should be
approached with caution because they may have dimin-
ished measurement characteristics relative to the full
scale.??

In general, these recommendations should facilitate
clinical adoption of the ABC scale by reducing test admin-
istration time, a commonly cited barrier to outcome mea-
surement use by practitioners.33:3*

Study limitations

There are some limitations with this research. One limita-
tion is that the authors were not in control of the data
collection procedure, which is typical of archival data
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secondary analyses. Selection bias associated with selec-
tion of acute care facilities for urgent stroke care may exist
potentially limiting our findings’ generalizability. General-
izability of our findings may also be limited by the inclusion
criteria required for individuals to participate in the LEAPS
trial. Specifically, participants in the trial were community
dwelling and able to ambulate indicating that our findings
may not extend to more functionally limited individuals.

Conclusions

Consistent with calls to use the ABC scale across neurologic
diseases in adult populations,?' Rasch analysis supports the
use of the ABC scale for measuring balance confidence in
individuals poststroke. The ABC scale’s psychometrics are
largely enhanced with a 5-category rating scale. We
recommend using the ABC scale to quantify balance confi-
dence in these individuals based on absent floor and ceiling
effects and the scale’s ability to distinguish 5 strata of
individuals. Collapsing the ABC’s rating scale and devel-
oping a computerized-adaptive test will enhance mea-
surement capability and efficiency for clinicians and
researchers working in stroke rehabilitation.

Suppliers

a. SAS version 9.4; SAS Institute Inc.
b. Winsteps version 3.93.1; John Lincare.
c. Mplus version 7.4; Muthén & Muthén.
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